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Abs t "ac t 

T h i s  r e p o r t  summarizes t h e  work done under  NASA c o n t r a c t  

N G R  39-009-077 f o r  the p e r i o d  September 1, 1968 t o  December 31, 

1969.  P r i n c i p l e  accomplishments o f  t h e  r e p o r t  p e r i o d  are b r i e f l y  

d i s c u s s e d  and p u b l i c a t i o n s  a r i s i n g  from t h e  r e s e a r c h  are l i s t e d .  

Exper imen ta l  d r o n l e t  b u r n i n g  ra tes  were o b t a i n e d  a t  a tmospher ic  

p r e s s u r e  i n  a combustion gas environment.  Burning rates were 

measured f o r  n - p a r a f f i n s  and a l c o h o l s  a t  gas t e m n e r a t u r e s  i n  t h e  

r ange  1650-2550°X anC oxygen c o n c e n t r a t i o n s  i n  t h e  r ange  0-40%. 

The u s e  o f  t he  d i f f u s i o n  flame t h e o r i e s  o f  d r o p l e t  combust ion,  

b o t h  c o n s t a n t  and v a r i a b l e  p r o p e r t y ,  qave b u r n i n g  ra te  p r e d i c t i o n s  

w i t h i n  40$ of  the  measurements o v e r  t h e  t e s t  r ange .  However, the  

t h e o r i e s  showed a sys temat ic  f a i l u r e  w i t h  i n c r e a s i n g  f u e l  mo lecu la r  

weight. T h e o r e t i c a l  and exne r imen ta l  work 178s a l so  done a t  high 

p r e s s u r e s  t o  i n v e s t i g a t e  d r o n l e t  combustion i n  t h e  c r i t i c a l  r e g i o n .  

Allowance f o r  r ea l  gas e f f e c t s  and ambient gas s o l u b i l i t y  i n  t h e  

l i q u i d  phase had a s u b s t a n t i a l  eff'ect i n  d e t e r m i n i n g  t h e  p r e s s u r e s  

r e q u i r e d  f o r  a s u p e r c r i t i c a l  combustion. The v a l u e  o f  t h e  L e w i s  

number a l s o  exe r t s  a stronrr, i n f l u e n c e  on t h e  n r e s s u r e  r e a u i r e m e n t s  

f o r  s u p e r c r i t i c a l  combust ion,  w i t h  the n r e s s u r e  i n c r e a s i n g  f o r  

lower Lewis numbers. 
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I. I n t r o d u c t i o n  

T h i s  t h i r d  annua l  r e p o r t  i s  a summary of t h e  p r i n c i p l e  

accomplishments  made unde r  NASA C o n t r a c t  No. MGR-39-009-077 d u r i n g  

t h e  p e r i o d  September 1, 1968 t o  December 31, 1969.  The f i n d i n g s  

o f  t h i s  r e s e a r c h  are p r e s e n t e d  i n  more d e t a i l  i n  t h e  s e v e r a l  

t e c h n i c a l  r e p o r t s  and naoers nub l i shed  d u r i n g  t h e  n r e s e n t  r e n o r t  

p e r i o d .  1,29334 

a p p l i c a t i o n  i n  the d e s i g n  o f  l i q u i d - f u e l e d  r o c k e t  eng ine  

combustion chambers. 

The r e s u l t s  o f  t he  program have t e c h n i c a l  

T h e  computat ion of d r o p l t ' t  l i f e  h i s t o r i e s  has become a 

b a s i c  s t e p  i n  tile d e s i g n  of combustion cham9ers for l i q u i d  

f u e l e d  r o c k e t   engine^.^ 
t i g a t i o n  i s  t o  s t u d y  t h e  e v a p o r a t i o n  2nd combustion of  d r o p l e t s  

i n  o r d e r  t o  f u r t a e r  dcvelor,  computa t iona l  t e c h n i q u e s  f o r  e s t i m a t i n g  

d r o p l e t  l i f e  h i s t o r i e s  and t r a n s i e n t  e v a p o r a t i o n  unde r  r o c k e t  

e n g i n e  combustion chamber c o n d i t i o n s .  P a r t i c u l a r  emohasis  i s  

on combust ion a t  e l e v a t e d  p r e s s u r e s  where t h e  i n f l u e n c e  o f  t h e  

d r o p l e t  approach ing  i t s  c r i t i c a l  p o i n t  must be c o n s i d e r e d .  

The o v e r a l l  o b j e c t i v e  of t h i s  i n v e s -  

The work o f  t h i s  r e p o r t  p e r i o d  has been d i v i d e d  i n t o  trro 

phases. I n  t h e  f i rs t  phase d r o p l e t  e v a p o r a t i o n  and combustion 

was s t u d i e d  i n  t h e  combustion p r o d u c t s  of  a f l a t  flame b u r n e r ,  

i n  o r d e r  t o  s i m u l a t e  t h e  thermal cmvironment o f  a r o c k e t  engine 

combust i o n  chamber. This work was conductcd a t  a tmosphe r i c  

p r e s s u r e  f o r  ambient  gas t e m p e r a t u r e s  i n  t h e  range  1650-255OoTr 

and ambient  oxygen c o n c e n t r a t i o n s  i n  t h e  range 0-40% f o r  v a r i o u s  
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normal p a r a f f i n  and a l c o h o l  d r o p l e t s .  The r e s u l t s  of t h e  

expe r imen t s  werc compared r , r i t l i  v a r i o u s  t h e o r e t i c a l  methods,  

i n  o r d e r  t o  e s t a b l i s h  a c c u r a t e  computa t iona l  p rocedures  f o r  d r o p l e t  

l i f e  h i s t o r y  c a l c u l a t i o n s .  

The second phase of t h e  s tudy  c o n s i d e r e d  d r o p l e t  e v a p o r a t i o n  

and combustion a t  h igh  p r e s s u r e s .  Wieber, has computed t h e  

t o t a l  p r e s s u r e s  r e q u i r e d  f o r  s u p e r c r i t i c a l  e v a p o r a t i o n  o f  oxygen 

and n--heptane d r o p l e t s  i n  a h igh  t empera tu re  i n e r t  environment .  

T h i s  a .na lys i s  was based on a q u a s i s t e a d y ,  c o n s t a n t  prODertv 

t r e a t m e n t  of t h e  gas phase, n e g l e c t i n g  ambient  gas s o l u b i l i t y  

and o t h e r  high n r e s s u r e  c o r r e c t i o n s  i n  t h c  d e t e r m i n a t i o n  o f  

e q u i l i b r i u m  c o n d i t i o n s  at  t he  d r o p l e t  sur face .  I n  t h e  p r e s e n t  

s t u d y ,  t h e s e  c a l c u l a t i o n s  have been  ex tended  t o  i n v e s t i g a t e  

n igh  p r e s s u r e  combustion of v a r i o u s  nydrocarbon d r o p l e t s .  

Manr iqm7 and Savery8 have shown t h a t  h igh  p r e s s u r e  c o r r e c t i o n s  

and ambient  g a s  s o l u b i l i t y  are s i g n i f i c a n t  f a c t o r s  i n  l i q u i d -  

vapor  e q u i l i b r i u m  n e a r  t he  c r i t i c a l  n o i n t .  A v a r i a b l e  p r o p e r t y ,  

q u a s i s t e a d y  a n a l y s i s ,  which i n c l u d e s  ambient gas s o l u b i l i t y ,  has 

been developed  t o  examine t h e s e  h i g h  p r e s s u r e  c f f c c t s  f o r  b o t h  

have bi-en c o m a r e d  w i t h  experiments conducted i n  a z e r o - g r a v i t y  

a p p a r a t u s ,  d e s c r i b z d  i n  R d f .  (1). 
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11. F l a t  Flame Study 

The expe r imen ta l  arrangement  f o r  t h i s  s t u d y  c o n s i s t e d  of 

a f l a t  flame b u r n e r  mounted on r a i l s  so  t h a t  i t  could  be  a u i c k l y  

moved under  a t e s t  d r o p l e t  and brought  t o  a s t o p .  3 9 4  

immersion of  t h e  droDle t  i n  t h e  h o t  gases l e a v i n g  t h e  b u r n e r  

provid2d a good s i m u l a t i o n  o f  a d r o p l e t  s n t e r i n g  a combustion 

chamber. 

d r o p l e t  diameter and tempera ture  f o r  comparison w i t h  t h e o r e t i c a l  

p r e d i c t i o n s .  

The r a p i d  

Measurements were made of  t h e  t i m e  v a r i a t i o n  of 

The b u r n e r  was o p e r a t e d  a t  a tmospher ic  p r e s s u r ? ,  w i t h  v a r i o u s  

m i x t u r e s  of  carbon monoxide, hydrogen, oxygen and n i t r o g e n  i n  

o r d e r  t o  o b t a i n  a v a r i e t y  o f  t empcra tu res  (1650-255OOK) and 

oxygen c o n c e n t r a t i o n s  (0-40% by volume) i n  t h e  ambient gas 

around the droDle t .  The composi t ion and t empera tu re  of t h e  

gas  su r round ing  the d r o p l e t  were determined from thermochemical  

c a l c u l a t i o n s  a l l o w i n g  f o r  d i s s o c i a t i o n  and heat l o s s  t o  t h e  

b u r n e r .  

normal  p a r a f f i n s  ranging from p e n t a n e  t n  hexadkcanc- and alcohnls 

from m e t h y l  t o  d e c y l  a l c o h o l  were tes t3d .  

I n  o r d e r  t o  o b t a i n  a broad range of f l u i d  n r o p e r t i e s ,  

The exne r imen ta l  r e s u l t s  were compared w i t h  p r e d i c t i o n s  
9,10 from v a r i o u s  d r o p l e t  evapora t ion  and combustion t h e o r i e s .  

Over t h e  e n t i r e  range  of t e s t i n g  t h e  s i m p l i f i e d ,  c o n s t a n t  p r o p e r t y  

d i f f u s i o n  flame t h e o r i e s  gave r easonab le  agr-33 LLmcnt w i t h  t h e  

e x p e r i m e n t a l  r e s u l t s ,  w i t h  maximum e r r o r s  on t h e  o r d e r  of 40% 

f o r  d r o p l e t  b u r n i n g  r a t e s .  Comnarison between t h e  c o n s t a n t  
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proper t y  scjl.dt.on aiid 2 -"-al?ia"ule pi<opei<ty- soi-utior-l d.ue t u  6 

Goldsmith and Penner ,  1 0  was q u i t e  good, w i t h  e r r o r s  on t h e  

o r d e r  o f  6 % .  

A l l  t h e  t h e o r e t i c a l  models were found t o  p r o g r e s s i v e l y  

o v e r e s t i m a t e  t h e  b u r n i n g  ra te  o f  the  f u e l  w i t h  i n c r e a s i n g  

f u e l  m o l e c u l a r  weight. T h i s  f a i l u r e  was a t t r i b u t e d  t o  f u e l  

decomDosition i n  t h e  r e g i o n  between t h e  d r o p l e t  s u r f a c e  and t h e  

o x i d a t i o n  zone. 

Flame l u m i n o u s i t y  was observed  ve ry  ea r ly  i n  t h e  heat-up 

p e r i o d  o f  t h e  d r o p l e t  (on t h e  o rde r  o f  10 t o  20% o f  t he  heat-up 

t ime) .  

d r o p l e t  b u r n i n g  t h e o r i c s  wcre ex tcnded  t o  a l l o i -  t h c  computat ion 

o f  d r o p l e t  heat and mass t ransfer  r a t e s  d u r i n g  heat-un.  Using 

t h i s  t h e o r y ,  d r o p l e t  l i f e  h i s t o r i e s  were computed and compared 

w i t h  t h e  e x p e r i m e n t a l  r e s u l t s .  

h i s t o r i e s  were about  the samz as t h o s e  e n c o u n t e r e d  f o r  s t e a d y  

b u r n i n g  rates.  

p r e d i c t i o n  o f  t h e  i n f l u e n c e  of combustion on t h e  d r o p l e t  heat- 

up t i m e .  

Motivated b y  t h i s  expe r imen ta l  f i n d i n g ,  t h e  s t eady  

T h c  e r r o r s  i n  t h e  computed l i f e  

The ex tended  model gave a r e a s o n a b l y  good 



111. High P r e s s u r e  Study 

The t h e o r e t i c a l  s tudy  o f  h igh  p r e s s u r e  d r o p l e t  combustion 

began w i t h  t h e  use  o f  t h e  extended,  c o n s t a n t  p r o p e r t y  d r o p l e t  

heat-up a n a l y s i s  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i o n .  The c a l -  

c u l a t i o n s  a l s o  cons ide red  d r o p l e t  e v a p o r a t i o n  wi thou t  combustion 

f o r  comparison wi th  Wieber s c a l c u l a t i o n s .  6 

The r e s u l t s  were found t o  be q u i t e  s e n s i t i v e  t o  t h e  va luc  

o f  the  L e w i s  number. For L e w i s  numbers g r e a t e r  t h a n  o r  n e a r  

u n i t y ,  t h e  computat ions i n d i c a t e d  t h a t  s u p e r c r i t i c a l  bu rn ing  

would occur  f o r  p r e s s u r e s  nea r  t h e  c r i t i c a l  p r e s s u r e .  With 

d e c r e a s i n g  L e w i s  number, the  p r e s s u r e  r e q u i r e d  f o r  s u p e r c r i t i c a l  

combustion p r o g r e s s i v e l y  i n c r e a s e d .  For bu rn ing  d r o p l e t s  , t h e  

ambient oxygen c o n c e n t r a t i o n  d i d  n o t  e x e r t  a s t r o n g  i n f l u e n c e  

on the  p r e s s u r e s  r e q u i r e d  fo r  s u p e r c r i t i c a l  bu rn ing  i n  t h e  

range  a i r - n u r e  oxygen. 

The p r e s e n t  c a l c u l a t i o n s  f o r  n-licptane e v a p o r a t i o n  were no t  

i n  good agreement w i t h  Wiebcr 's  r e s u l t s .  For example,  i n  t h e  

absence  o f  convec t ion  , lrrieber f i n d s  that  s u p e r c r i t i c a l  b u r n i n g  

w i l l  occu r  when thf:  p r e s s u r e  is about  2 . 4  t i m e s  t h e  c r i t i c a l  

p r e s s u r e  f o r  n-hcptanc.  F o r  the same s i t u a t i o n ,  t h e  Dresent  

r e s u l t s  i n d i c a t e d  s u n e r c r i t i c a l  bu rn ing  a t  1 . 5  t ims  t h e  

c r i t i c a l  p r c s s u r e .  T h i s  was found t o  be a k w i s  number e f f e c t  

r e s u l t i n g  from d i f f e r e n c e s  i n  t h e  assumed va lue  o f  f u e l  t he rma l  

c o n d u c t i v i t y  ( t h e  v a l u e  employed i n  \ J i e b e r v s  c a l c u l a t i o n s  appears 

t o  be  low i n  comparison t o  va lues  g iven  i n  t hc  l i t e r a t u r e ,  R e f . 1 2 ) .  
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The e x p e r i m e n t a l  r e s u l t s  i n d l c a t e d  t h a t  t h e  p r e s s u r e s  r e q u i r e d  

f o r  s u p e r c r i t i c a l  b u r n i n g  m r z ,  somewhat f o r t u i t o u s l y ,  morc on t h e  

o r d e r  o f  lirieberss p r e d i c t i o n .  

n e x t  as a p o s s i b l z  cause  of t h e  d i s c r e p a n c y  between the  p r e s e n t  

t h e o r y  and t h e  e x p e r i m e n t a l  r e s u l t s .  T h i s  i n v o l v e d  a c o n s i d e r a t i o n  

of v a r i a b l e  f l u i d  p r o p e r t i e s  i n  t h e  gas  phasc,  as well as  h i g h  

p r e s s u r e  c o r r e c t i o n s  i n  t h e  d e t e r m i n a t i o n  of l i q u i d - v a p o r  e q u i l i b r i u m  

a t  the d r o p l e t  s u r f a c e .  

Real gas e f f e c t s  were examined 

The v a r i a b l e  p r o p e r t y  gas phase  analysis was an e x t e n s i o n  o f  

t h e  Goldsmith and Penner” a n a l y s i s  which inc lude l !  s imul t aneous  

e v a p o r a t i o n  o f  d i s s o l v e d  gas a long  w i t h  t h e  f u e l .  P a r t i c u l a r  

emphasis  was p l a c e d  on d e t e r m i n i n g  d r o p l e t  c o n d i t i o n s  d u r i n g  

s t e a d y  b u r n i n g ,  as \ r e 1 1  8.s t h c  prcssur12 l e v e l s  r e q u i r e d  f o r  

s u p e r c r i t i c a l  combustion. 

S e v e r a l  models o f  i n c r y a s i n g  comQlcxi ty  were smployed t o  

compute e q u i l i b r i u m  c o n d i t i o n s  a t  t h e  d- roplc t  s u r f z c e .  The 

s i m p l e s t  model cor rzsponded t o  the c a s e  where all h i g h  p r e s s u r e  

c o r r e c t i o n s  ar? neglected. T h i s  co r re sponds  t o  t h e  e a r l i e r  

c o n s t a n t  p r o n e r t y  work and shows t h e  i n f l u e n c e  of  t h e  v a r i a b l e  

p r o p e r t y  g a s  phase a n a l y s i s .  

I n  the o t h e r  models h i g h  p r e s s u r e  c o r r e c t i o n s  were c o n s i d e r e d  

t h r o u g h  t h e  u s e  of a mod i f i ed  Redlich-Knong equ-?t ion of  s t a t e  w i t h  

mixing  r u l e s  g i v e n  b y  P r a u s n i t z .  The f i r s t  of  t h e s e  c o n s i d e r e d  

h i g h  p r e s s u r e  and t e m p e r a t u r e  d r o p l e t  z v m o r a t i o n  i n  a s i n g l e  

i n e r t  gas ( c a r b o n  d i o x i d e  o r  n i t r o g m ) .  F i n a l l y ,  it more t e n t a t i v e  
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s o l u t i o n  was i n v e s t i g a t e d  f o r  a b u r n i n g  d r o p l e t  which c o n s i d e r s  

t h e  s o l u b i l i t y  o f  hydrocarbon combustion p r o d u c t s  (carbon d i o x i d e ,  

water, n i t r o g e n )  i n  the d r o p l c t  l i q u i d .  

A p a r a m e t r i c  s t u d y  f o r  t h e  s i m p l e s t  model (no  h igh  pressure 

c o r r e c t i o n s )  i n d i c a t e d  t ha t  combustion t empera tu re  was n o t  a 

v e r y  s e n s i t i v e  parameter ,  va lues  from 2000 t o  4000'k c a u s i n g  l e s s  

t h a n  a 10% change i n  t h e  reduced t o t a l  p re s su re  r e q u i r e d  f o r  

s u p e r c r i t i c a l  b u r n i n g  ( P R c s ) .  Once a g a i n  t h e  s o l u t i o n  was more 

s e n s i t i v e  t o  t h e  L e w i s  number, i! +20% v a - j a t l o n  y i e l d i n g  a - +15X 

change i n  PRCB. 

For t h e  e v a p o r a t i o n  pf n-hcptae3  P ~ ~ p  was found t o  b e  1 . 2 5 ,  

to 1.c; t h c  earlier c o n s t m t  p r o p c r t v  solution and 

2,4 +-- Rcf. ( 6 ) .  Thus, c o n s i c k r a t i o n  o f  va r i aUle  gas phass  

p r o p e r t i e s  dozs  n o t  providc; an e x p l a n a t i o n  of t h e  d i s a g r w m e n t  

b e t m e n  th2ory  and expe r imen t .  

Thc c a l c u l a t i o n s  i n d i c a t z a  that water would condense on the  

d r o p l c t  d u r i n g  s teady  burn ing  f o r  all p a r a f f i n s  l i g h t c r  t h a n  n- 

pentsne,  i n v a l i d a c i n g  t h e  gas ohase a n a l y s t s  f o r  these materials.  

For I l eav ie r  hydrocarbons 

condense d u r i r , ~  the hzat-up per iod .  

r e g i o n s  were found whzrtj water would 

Allowing f o r  h i g h  p r e s s u r t  e f f e c t s  caus?s  2n i n c r e a s ?  i n  t he  

computed value of  PRC3 f o r  evapora t ion  i n  carbon dioxidt? and n i t r o g e n .  

For  example, w i t h  n-decane d r o p l e t s  e v w o r a t i n g  i n  carbon d i o x i d e  

PRCR = 1 .75  f o r  t h e  c o r r e c t c d  s o l u t i o n ,  compared t o  1.35 f o r  t h e  

u n c o r r e c t e d  s o l u t i o n .  For  prcssure r a t i o s  g rea te r  t h a n  PRCq, t h e  

d r o p l e t  r e a c h z s  t h e  s u p e r c r i t i c a l  cvapora t fon  c o n d i t i o n  2t l i q u i d  

tempcrdturco t i i r .  c r i t f  c s l  ternperature  o f  th? pure f u e l .  9athcr  



l a r g e  q u a n t i t i e s  o f  t he  arnblent  gas are d i s s o l v e d  i n  t h c  l i q u i d  

phase n e a r  t h e  c r i t i c a l  mixing p o i n t ,  e . g .  387 C 0 2  c o n c e n t r a t i o n  

f o r  n-decane a t  a t o t a l  p r e s s u r e  t h r e e  t lmes  t h e  c r i t i c a l  p r e s s u r e  

o f  pure  n-decane. A t  a f i x e d  t o t a l  p r e s s u r e ,  there  i s  a compl ica ted  

v a r i a t i o n  o f  ambient gas s o l u b i l i t y  i r i t h  i n c r e a s i n g  t empera tu re  

( i n c r e a s i n g  i n  some r e g i o n s  and d e c r e a s i n g  i n  o t h e r s ) .  

e f f e c t  will a l so  i n t r o d u c e  compl i ca t ions  i n  t h e  a n a l y s i s  o f  

T h i s  

droplc. t he a t  -up a t  high p re  s sure s . 
For t h e  c a s t  of hydrocarbon cornbustion, t h e  s o l u b i l i t y  o f  

water, c m b o n  d iox ide  and n i t r o g e n  ( f o r  combustion i n  a i r )  must 

b e  cons ide red .  T h i s  r e s u l t s  i n  a q u a t e r n a r y  l i q u i d  mix tu re ,  which 

when coupled v i t h  t h e  d i f f i c u l t i e s  i n  a c c u r a t c l y  t r c a t i n g  t h e  

thermodynamics of wnter (which i s  D o l a r )  , i n c r e a s z s  t h e  u n c e r t a i n t y  

of t h e  r e s u l t s .  Howzver, c o n s i d e r a t i o n  of  t h i s  c a s e  does y i e l d  

'RC3 
g e n e r a l  agreement w i t h  t h e  exoc r imen ta l  r e s u l t s .  

i n  t h e  range 2 . 0 - 2 . 5  f o r  n-ciccanz combustion, 1:hich i s  i n  

Experimental  measurements o f  s u w r c r i t i c a l  combust i o n  

c o n d i t i o n s  were made u s i n g  t h e  a p p a r a t u s  and Drocedurcs  of  R e f .  (1). 

D r o p l z t s  were  i g n i t i d  i n  a p r c s s u r l z e d  chamber under  ze ro -g rav i ty  
---a=~-: --- 
LWIIUL b1u11a %id ~ i ~ a s i i ~ e m ~ i - i t s  ~ i ~ 3 - i t ~  ~iiadi: of' t i ic l i q u i d  t e m p e ~ ~ a t u r c  

d u r i n g  the l i f d t i r n e  of t he  d roDlc t .  A s u p e r c r i t i c a l  bu rn ing  

c o n d i t i o n  was assumed vhen t h e  d r o p l z t  t3mpcratur-e rose c o n t i n u o u s l y ,  

f o l l o w i n g  i g n i t i o n ,  w i t i i  no s i g n  o f  I c v e l i n g  o u t  a t  a s t e a d y  

b u r n i n g  s t a t e .  

The most r e c e n t  measurements w i t h  t5 is  avFara tus  have m n l o g e d  

s e v e r a l  improvements over t h e  e a r l i e r  work r e p o r t e d  i n  Ref. (1). 



' 1'2 

T h i s  has i nvo lved  u s i n g  s m a l l e r  thermocouples  (.001 i n c h  0 . D . )  

and s h i e l d i n g  t h e  lead v i r e s  from t h c  flame, w i t h  small q u a r t z  

tubes, i n  o rde r  t o  reduce  conduct ion  e r r o r s .  The oxper imente  

have c o n s i d e r e d  n-octane and n-dccanc d r o p l e t s  i n  v a r i o u s  oxygcn- 

n i t r o g e n  m i x t u r e s  r a n g i n g  from a i r  t o  pur? oxygen. 



c 

I V  Future  FIork 

The use  o f  t h z  f l a t  flame b u r n e r  a p p a r a t u s  i s  c o n t i n u i n g  

a t  a tmospher ic  p r e s s u r e .  One new ser ies  o f  tes ts  i n v o l v e s  a 

s t u d y  of  h y d r a z i n e ,  TlIW UDMH d r o p l e t  combustion under  b o t h  

decomnosi t ion and o x i d a t i o n  c o n d i t i o n s .  

A second sFries o f  t e s t s  w i t h  t h e  a tmosnher ic  P r?s su r?  f l a t  

flame b u r n e r  i s  examining t h e  i n f l u e n c e  o f  convec t ion  on b i p r o p e l l a n t  

d r o p l e t  combustion a t  h igh  ambient t e m p e r a t u r e s .  

expe r imen t s ,  a Dorous sph3rd i s  used t o  s i m u l a t e  a d r o p l e t .  T h i s  

t e c h n i q u e  p r o v i d c s  a larger  rangG of Reynolds number t h a n  is  c u r r e n t l y  

p o s s i b l e  with suppor t ed  d roDle t s .  

I n  t h o s e  

A p r e s s u r i z e d  v e r s i o n  o f  t h e  f l a t  flame b u r n e r  a p p a r a t u s  is 

under  development t o  s t u d y  h i g h  p r e s s u r e  d r o p l e t  e v a p o r a t i o n  and 

combustion i n  a combustion gas environment .  This a p p a r a t u s  

w i l l  a l s o  employ t h e  porous  snherc t e c h n i q u e  t o  s i rnula te  a d r o p l e t .  

Work i s  also c o n t i n u i n g  on t h e  t h e o r y  o f  h igh  p r e s s u r e  

d r o p l e t  combustion. The Bcnedict  - Wcbb - Rubin e q u a t i o n  o f  

s t a t e ,  modif ied f o r  m i x t u r e s  , I3  i s  b e i n g  employed t o  compute 

e q u i l i b r i u m  c o n d i t i o n s  a t  t h e  d r o p l e t  s u r f a c e .  The r c s u l t s  o f  

these  c a l c u l a t i o n s  w i l l  be  comparcd w i t h  t h e  p r e s e n t  t h e o r e t i c a l  

r e s u l t s  , which employs t h c  Rcdlich-Kwong e q u a t i o n  of s t a t & ,  i n  

o r d e r  t o  zxamine t h e  influents o f  t h e  ? q u a t i o n  of s t a t e  on t h e  

r e s u l t s .  F u r t h e r  c x p o r i m m t a l  r e s u l t s  i n  this area will i n v o l v c  

t h e  d e t c r m i n a t i o n  of d r o p l e t  t empera tu res  a t  s t e a d y  bu rn ing  and 

p r e s s u r c s  r e q u i r e d  f o r  s u p e r c r i t i c a l  b u r n i n g  f o r  n - t r id :  cane and 

n-hexadecanc. 
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